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(S) Heetrostimulatjon of microbial reactions. 

(57) A method of fermenting a substrate with a microoroBn- 
Jem by forming a broth oomprioing tho substrotc end the 

micro organism, and forming a fermentation product there- 
from characterised in that a f ermerrtatSon stimulating elRctri- 
ool signal b imposed aorcoo the broth. 
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1 i. 

descr iption 

"EUEOgn oS TIHUIATlOM OF fHKffOBI/lL REACTIONS" 
Microbe reactions, i.e., ferment at ion, ait* tHe 
biologiaal conversion of a feedstock, i.e., a substrate, 
to a metabolite, i.e., a product, by the actions of 
5 microbes. Microbe reactions are characterized by the 
_ growth of the microbe, and the subsequent formation of 
a metabolite product. That is, substrate in used ' 
initially for the growth and maint«*anoc of the microbes, 
and subsequently for both the growth and maintenance of * ' 
"10 the microbes and for the formation of product. Product 
formation is related to the concentration of substrate * • 
the concentration of microbes, anrf the yield coefficients 
*>f produce and microbes with respect to the substrate. ' 
Moreover, the concentration of .microbes is a function of 

15 ghe specif ic_ growth, rate of the, microbes ,- and the yield- 

coefficient of the microbes with respect to the substrate. 

Fermentation reactions are typically slow reactions! 
That is, they require long residence time, i.e, high 
ratios of reaction aedinm volume per unix volume of 
20 production per unit time. They also, have a l ong .initia- 
tion time. That is, metabolite product cannot be formed' 
in large quantities until high concentrations of microbe 
are present. Nutrient, i.el , substrate, is initially 
utilized primarily to grow and maintain microbes, and 
25 -there-after it is utilized to a greater extent to form 
metabolite product. 

Moreover,- the reactions, involving microbial growth 
and division, are complex. Por example, when the 
microbes are haotcria, cell growth and division- is by ' 
30 fission, i.e., an individual.' cell will double in. mass 

and content of eell constituents, and then spl.it into two 
identical daughter cells. Tfy way of contrast, yeasts 
. are a class of microorganism that grow and divide by 
budding. That is, a bud will grow on an individual cell 
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until it nuttcb.es the siae of the original cell! and .then 
separate,, leaving a bud scar. 3?ungi grow by chain 
enlongation and. brandling, i.e.* with growth proceeding 
from the tip of the mycelium through the formation of 
5 septa "between individual cells ♦ Cell division utf*y 

reqjiire anywhere from 1J? minutes "to* en hour for bacterial 
growth, from 45 minutes to 2 hours for yeast growth, and 
froTn cne to Bight hours for nmgl nr TnycpJiaT growth. 

The specific path of product synthesis, i*e«, the 

10 reaction parti .ror the formation of the jrmtabnli.te 

product from 'the 'cubetratc or nutrient ic not clearly 
understood for every fermentation reaction. However, 
it io believed to depend upon microbe growth 
tioncentration, nutrient utilization, and metabolic 

15 controls. 

It' has now been 'found that the reaction rate of 
fermentation reactions , that is, the yield per unit time, 
unit volume, unit nutrient or substrate concentration, 
and unit microbe concentration is enhanced by the 

20 , application of an alternating ox pulsed high frequency 
elAGtria fip.lri to the reactl cm Tnedxmn of nncrobes, 
substrate, and nutrients. 

As used herein, the terms n £ ermentation" , 
"fermentation reactions 11 , and "reactions utilising 

25 fermentation techniques w include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
inorganic substrate, and any process mediated by or 
involving microbes or microorganisms in which a product 

30 accrues • 

As used herein, the terms "microbes 11 , "microbe 11 , 
microorganisms n , and "micro-organism 11 include prokaryotes 
and eukaxyotes,- "Prokaryotes", as used herein, means 
unicellular microorganisms, including bacteria and 

35 unicellular blue-green algae* "Eukaryotes 11 , as used 
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herein, means multi-ceTlular microorganisms, including 
fungi, yeasts and actinomyoetcs. < As* ueed herein, the 
terms* "microbes", "microbe" , . "microorganism" and "micro- 
organ i.sm 11 include immobiliaed microbes and systems "and 
5 structures 6£ Imiuubilised microbes as well as non- 

immobilized microbes, As used herein, Lhe terms "micrnhes", 
"microbe", "microorganisms 11 , and ''microorganism" include 
both, naturally occurring strains and artificial 
recombinant ' strains, 

10 Permentation reactiono, i.e., fangus, yeast, actin- 

' omycotes , ' and* bacterial fermentation reactions are 
Utilised industrially* Fermentation reactions ure capable 
: of wider industrial.' use? based -upon raw material avail- 
ability aiid coats, by-product- usage $ and increased 

^5 reaction rates. 

According to the invention described herein, any 
or all of ■ the reaction rate, the innoculum build up, or 
el ficiency of conversion are increased by eleotricol 
stimulation. Electrical stimulation. may be Utilized to 

20 \redu«« the time .required t'o carry out the* reaction or to 
increase the" productivity of a given unit of production, 
that is to increase the number or batches that can be 
fermented in a given reaction vcDsel. 

I^T electrical alimulation is meant the application 

25- of a pulsed or alternating high frequency electric 

\ signal field 'across the broth whereby to pass an e ler-trical 
current through the broth, e.g_, by inserting electrodes 

• . in tte broth, under conditions which increase the rate 
of the microbial reaction, ■ while substantially avoiding 

50 significant destruction of the micro-organisms, e*g. , 

fungi, bacteria, yeasts or actinomycetea, the reactants, 
e«g., The substrate, or the products. 

It has been found that a frequency of from about 1 
kilohertz to about 1000 kiloherts is particularly 

35 satisfactory in carrying out the method of this invention. 
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ILiie elfcccrical stimulation electrical current 
may- be on alternating current or pulsed direct current. 
It shoxild have ft frequency of from about 1 kilohertz 
to about 1000 kilubtsxt*, altturatfi f reuuenciesi- below - 
5 about 10 megafcerta. may be used - as well as frequencies 
above about 0.1 kiloherts with .a ome-. increases in yield. 
Howr.ver, care should "be taken e*e. by using a frequency 
• above about 0.1 biloherts, to- avoid large . amounts of 
electrolysis occurring within the -reacfcTon mediim at 
10 low frequencies. . 

The method of this .invention may advantageously be 
carried out at various ranges of the electrolytic 
variables, i.e-i electrode area, inter-electrode spacing, 
inter-eioctrod© volume, current, current density, 
15 current per unit liter-electrode volume, current per 
unit brotb volume, voltage, voltage per unit inter- 
' • electrode spacing, power per unit inter-electrode volume, 
power per unit brotb volume, and. frequency-- 

Tor example, tbe method of this invention has been 
20 " carried out utilizing Saccharamyoas cervi siae to ferment 
glucose at currents per unit iaterelectrode. volume of 
from ahout 1 x 10~? .milliamperes per cubic centimeter 
to about 50 x 10"' milliompcres per cubic centimeter of 
inter-electrode volume, at currents per unit brotb 
25 volume of from ahout 1 x 10" 4 " milliamperes per cubic- 
centimeter to. about 50 x 10'* millWperes - per cubic 
centimeter of brotb, current densities of about 2 x 10" 
'. milliamperes per .square - centimeter to .5' x 10 nri-lli- 
amperes per sguaxe centimeter, of • electrode area, voltage 
5p fluxes of 0.1 to 5 millivolts per -centimeter of inters 

electrode space, Snter electrode power dissipations of 0.2 
x 10""? watts per cubic ocntimctcr. to 6 x 1Q~7 watte per 
cxibic centimeter of interelectrode volume and broth- 
power dissipations bf 0.2. x 10" 8 watts per cubic ccnti- 
35 meter of brotb volume to 8 x- 10~ 8 watts. per cubic 
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centimeter of broth. volume. Electz-jly bio variables, i*e, 
currents, voltages* and power dissipations, and products 
and quotients thereof, outside the above ranges may be 
utilized as long as care is taken, by avoiding aimultan-* 
5 eous astomer of the ranges, to avoid destruction or tlie 
'microbes. 

According to one exemplification of tlie method 
berein contemplated, a reaction medium of a hexose, 
e *B-* glucose, otber nutrients $ and a yeast, SaochaTMamyces 
10 c orevlsiae is- provided. A pair of electrodes arc spaced 
about * to about 7 centimeters from each, other within 
tbe bxxith, and an electrical current at a current density 
of about 0,1 to about O.J milliemperes per square 

m 

ceutiiuetex- of electrode area is passed through the 

15 reaction medium at a frequency of about 100 kilohertz to 
about 1000 Jcilober-t^- In this way, the yield of product 
per unit nf substrate per unit time is increased by 
about 15 to about 20 percent compound with tlie result 
without electrical stimulation. 

20 Aooording to an alternative exemplification of tbe 

method of this invention, a reaction broth of a 
bacterium -cuoh as Sacillus polyopia or Bacillus licHeni- 
f ormls t and glucose are prepa-r«a. !Dhe fermentation 
m reaction is then oarried out while an alternating current 

25 • having a frequency of about 1 fcLlohertz to' about 1000 

Idlohertz, an imposed voltage signal sufficient to provide 

- m a current of 1 x 10~^ milliamperes per cubic centimeters 
of interelectrode volume find lO^ 1 to 5 milliompers per 
liter of oolution is imposed across the broth, I'he 

50 resulting production rate of butane diol is increased 
by about 20 percent compared with tlie result Without 
tflectrlcal stimulation, 

Ihc method of electrostiiuulated fermentation herein 
described is useful with single cell blue-green algae, 

35' bacteria, yeasts j and actinoijjycelea,. Suitable yeasts 

are for example, belter 1 e yeast and .brewer's yeast 7 i.e., 
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single cell yeast of the SacchqromycoS dicae group , as 
exeinplif ied by Saccharoigyces cerevisiae. * 

The method of clcctro3timula*ced fermentation is 
useful with various feedstocks. Exemplary are various 
5 carbohydrate substrates.' By carbohydrates to mean for 
example polyhydtoxy aldehydes, polyhydroxy ketones , and 
substances that yield polyhydroxy aldehydes or poly- 
bydruay ketones .upon bydxoly sia lor saccharification- 
Exemplary carbohydrates, are sugars i i.e. '.caocharides. 

10 The saccharides useful in Lhe method of this . invention 
xaay be monosaccharides, . i»e # ^ carb ohydrat e c incapable of 
further hjdrol.ysis,, ur- polysaccharides, i.e* carbohydrates 
that yield monosaccharides upon hydrolysis or caccbar T 
ificatioii. Naturally uucuxri^ sicchiiride* useful 2L3 

l£ substrates in the methods- of this: invention include 
heptoses, hexoses, pentoses, te-fcroses, triose 3 homo- 
polysaccharori-fts thereof, and hetsropolys^ccharides thereof. 
Exemplary hexos 63 '.include glucose*, fructose, mannose, 
galactose, and 1;he fructose-glucose ■dissacharide, sncrbfle. 

20 Exemplary pent decs include, arabinosc, 1 ariose,- ribose, and 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, lactone, .raff inosc, ctarch, .. 
glycogen,' cellulose, pectins, chiton, inulin, agai% 
hemic elluloses, plant gums and mucilages,. • and immuno- 

E5 polysaccharides • Tfr carbu^dratetf ' we- also mean sugar 
alcohols, e.g. sorbitol, Tn^nnitol, glactitol, op. the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification manure, cellulosic wastes, 
molasses, whey, -sug^r, grain starobee", cod byproduct 

30. carbohydrates. .Suitable grain starqhes -include by way 
of exemplification corn, com stover, \?hcat, barley, 
straw, and bagasse. 

Amino acids m**y be utilised fee ' substrates for 
f exiueiitatiuu Lypt* inactions* They mi±y..be recovered as 
_ 35 products of fermentation type reactions, or they may be 
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intermediates, produced in one f ermeatation type 
reaction as a substrate for a subsequent f ermentatioa type 
rcactioa. Exemplary alpha-amino aci do- include glycine.," 
alanine, valine, leucine , iaoleucine , serine, threonine, 
5 cysteine, cystine, methionine, phenylalanine, tyrosine, 
proline, tryptophan, lysine, ax^iaine, histxdins, • aopartic 
acid, and glutamic acid. The above enumeration is 
/ intended to "be exemplary. and not exclusionary. 

Other substrates which may be utilised are, for 
10 example, hydrocarbonn , e.g., aliphatic hydrocarbons, 

oarbocyclic hydrocarbons , ana heterocyclic hydrocarbons. 
As used herein, hydrocarhona include, substituted hydro- 
carbons, e.g. haloKenated hydrocarbons, and hydrocarbons 
' having on* or more functional groups, e.g. alcohol, 
15 ketone, aldehyde, acid, ether, amine, amidiae. H-alkyi 
amide, ff,IT-diaJ Vyl amide, imidic ester, imidej alclmine, 
ketiminc, thiol, thio ether, disulfide, thio acid, 
dithioacid, thio aldehyde, thio ketone, sulfonium, 
sulfoxide, eulfinic acid, sulfone, sulfonic acid, phoa- 
20 phite, phosphiae,. phosphonate, phosphate, orthocarbonate, 
carbonate, chlorof ormate, carbamate, carbamide Ciaeluding 
urea), IT-alky lurea , o-alkylurea, cyanate, isocyanaUe, 
carbodiimide, xanthate, thiocarbamate , thiocyanatre, 
ioothiocyanate, diasoate, or diazoeyamide groupo. In 
25 .many cases the suostrate is a dilute pollutant,' and is 

degraded or .metabolized to a non-polluting product. ' 
. The method of electrostimulated fermentation may 

be utilized with both aerobic and anaerobic fermentations. 
Electrost-iroulRted fermentation is useful in the 
50 industrial scale production 'of any product that caa b.e 
produced by fermentation techniques, as described 
hereinabove. These products include the following, vfcioh 
enumeration is exemplary and act exclusionary: anti- 
biotics; organic solvents, for example, alcohols , e.g., 
35 butanol,.elhanol, and amyl alcohols, ketones e.g. acetone; 
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gases, e«g. carbon dioxide and hydrogen \ beverages , e.g. 
wines, be^-rfc arid liauors; foods, e.g. cheeses, fermented 
milks, pickles, sauerlcraut, soy sauce, yeast, vinegar* and 
mushrooms ; flavoring agents e.g- monoso&ium glutamate^ 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, citr5c acnd, glucose acid, "butyric acid, fumaric 
acid, and itacouic acidj glycerol; 'amino acids, e*g. 
Ir-glutamic acid and L- lysine; steroids; organic trans- 
format ions 4 including steroid, alkaloid, and antibiotic 

10 transformations; yeasts, including food yeasts and 

a^mal feed yeasts, legume innoculants pestioidea, e,g, 
microbial and bacterial pesticides; vitamins and growth 
stimulants, e.g« vitamin B 12 vitamin A, riboflavin and 
gibberaltines ; enzymes including amylases, proteolytic 

i> enzymes, pectinases, inverriases, . and cellulasos, inter 
alia; fats; fatty acida; alcuhuls; fuels; and li^di'o- 
carbons. 

The electrostimulation method herein contemplated* 
may also be used for the control or destruction of 

20 • deleterious substances, e.g., pollutants, and aqaeuus 
dispersions, stispensiOTifi and solutions of hydrocarbons 
or balocarbons, including polymers thereof « 

While the electrostimulate fermentation method 
described herein above is useful -with various microbes 

25 in various fermentation reactions, the method of this 

* invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to. yield n-butyl 
alcohol, ethyl alcohol, and acetone*; thft production of 

• • ethyl alcohol by the use of Phiz opus f ornoeaehsi s , 

50 Saccharomyoes cervisae , Saccharomyces uvarium , om 

Aspergillus foetiduo i the production of acotio aoid 
utilising Acctobactel alcoholophllus « Lactobacillus 
plant cram , or Polyporue palustris ; the production of 
acetone utilizing Olostridiums ; the production of butanol 

35 utilizing Clootridiums ; the production of glycerol 
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utilises Ba.C3.ll u8 lichenU ormug or SaccharomyoeB rcnuc ii.^ 
the production or acetic acid using A oetobaotei pastem^ 
'iaaus; the production of wines usins Saccharogycea 
c hevalier i, Saccharoanrcea ocrvl^^ Saccnaromyces" rnM 1 
5 gaooharoroy uea yafe.r . Saccharomrcafl vini . Torulaap ora 

florentlna, Saecharomyoca aceti., or Saccharomyces" oyidxms i 
the production of edible proteins utilizing C.hactomium 
. cellalon ytilum , Geotrioxus candidum , Candida utills T 

Colluimonaa or Alcaligenes faficalis - the production of 
10 anthroqui -nones utilising Chryaosuor i um merdarium . 

Hclminthaporiuai c.Y nadonitis T or Pepicillium islandic-um l 
the production of antibiotics utilizing Byssochlagre 
Si^ea., jWxium eouiaelp, Gliocladi^m . Aspergillus aotjanua. 
Aspergillus sulphurens. Penicillium cycIo-d-I^. Penicillium 
15 martengj, Jenici ll ium palil-ans . Penicillrmri puberalum . 

•Aspergillus nidu^s. Pepdcillixun ohry OKegU m . Penicillium 
^ gfoftSg ' aoromoniua strictum, Cephalasporium chry.sofr exmTn; 
Berratia rebidaea, gtrentomycfis lavendul&o . St r opt ot ypes 
. .S^auliffoM, Sfcreptomyces lipmanii T Aclaetobacter calco- 
20 aceticus, Bacillus ceres, iiacillus lichenif omnia , or- 
Bacillus snbtilis, the production 6£ I^arginine by 
.Bacillus subtllis, Breribacterfum flurua . Cprynebacterium 
.glatamicum, or Srotamino baotcr thiam i nophaftub- ; the 
production of ascoibic acid by escheri.chia t the production 
25 .or biotin by Oorynebaot eriTjin rrimorioxydana . or Psuedo- 
manus nmtablie; the production of butanediola nsine 
. -S^ 111 ^ lloheniformis. Bacillus poryarra . 0 r Kle bsiella 
p^eiraoniaes the production of butyric acid using TSuty- 
rivibrio fibriaolvena- the production of caprylic acid 
.30 ' using Ranibacterium alaotol^ r.„ T . the production of 

carboxylic acid utilizing Sacchromycopsis lipolytica . or 
Sporolomyces odoimej the production of f oi-juic acid using 
Polyporua jpalustris; the production of fructose utili s ing 
Bacillus me^atftriutt, Pseud cmanue boro o^ol^ or Pseudomonas 
35 fluoroscena; the production or gluconic acid using 
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Asperpn 21?2S cai*bonarius % or ' Penioillum clirys o ^eiiugi ; the. 
production* of glucose utilizing. Irichoderma longibrachp - 
iaturc ; the production of p-hydxoxy bsnsald^hyde using 
G accharomycea aatic: the production of s?ir»gl* cell 
5 proteins utilizing Arthrobactor petyolcophagus « 

Arfchrobacfc cr rub ellua , Art'hr abac I er « . AsperFril3ug rumig;- 
atu£, Pe i J u 1 ninonas cart elyticuk , Coryncbactcrium fu,ii- 
a ■ okcmae , Kluyurom yces fr a^ilis morehella crasgjpe . j32S2r 
bacterium curaatum' , ^coc/bacterium petrol cophiluia . or 

10 ITooardia neoopBtca , and -the production of xanthan gum 
using v e.g.. t Xantha-monas c.aiirpestriB » The method of 
olectrostimulated fermentation ua^y "be used 'in the 
fermentation of substrates, to obtain,, -vitamins, anti- 
biotics , " and enaymes • • . 

1-5 Electro stimulated fermentation also fisids utility 

in microbial cellulose digestion, e»g M with PolyaiiM;i 1Tm 
cellulosum r cleairi.ng metallic surfaces,, e-^. f with 
(Phiob^cillus f errooxidans. qa? flhiob'aoi llua thiooxidans; 
degradation of cellulose; degradation of nyanides in 

20. waste water, e^g* , with Bacillus subtilis , Ooryacbaot e rium « 
or Bbcar dja rubrop extinct a . degradation, pf ethylene 
glycol with unidentified bacterium, ATCC 2?0'l-2; degradation 

] of chlorinated phenol fungicides j -degradation of systemic 
fungicides, e.g* T with Bhizouus japnnictts ; degradation 

25 .of hydro oarbona, &*S«> with- Aspergi llus Vex ; aicolor . 

Brettanomyoes petrcrphilumy Candida' pet rophilum, Candida 
tropicalis , Claclosporiun resinae t Cvmningbamella 
elegans, Eupeiiicilliutn zonatum- , Saccharomycapnr:i.s lipulp- 
tica , or ffoTulopsis pgtrophilug j ' degradation of Qet fuel, 

30 e.g., with Acre moniuiu .strifcluau Alterna-rja- alternata , 
Aspergillus juTni^a-fcafi y or Cladosporium reginae ? ' 
degradation of methanol, e^g., with Hansenula- polTmorpha : 
degradation or nn.trnes inr waste water, *.s.-V with 
Aloaligenes vi a olacc is , Nocaxdi a ru b x»u p L inc t a « , or 

35 Bacillus suhtilis ; d ft graders ion of petroleum* e-g. 'with 
Aspergillus aureohaoioiugu Candida pa rapsiiasis , * Chmdida 
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tropicalis, Candida utilis, Cladosp orium olados^ns ^c 

jfrrotheoium verx^caria, Nocardia ^o^TLina . KgJrjjT ' 

g ldberula . Noc^rtia opain, gooa rdia maffW , 

Pg icilim, , Prototheca. Ehodotorula . Saocharo- 
5 myoee ceTnrisiae , or Sacehar^y coggig lipoid r,p "1^7 
degradation of phenol, e.g., with Sloeoporua dic hroua 

or Khodtttorul* glutinSn, tHe degradation of wood- 

m phosphate removal %q. sewage treatment, e .g, with ' 
ChrysospoTnum pannorum. Gootrich-u n candidum . Mucar 
10 hiegalig , and. laeoilomvces MTO9 , a . watea? po IJ^T on 
control, e.g., with modptorula^lutinis and Tj-icho- 
t heoium roae um; ' and fche production of dexfcrane by "the 
fermentation ox sucrose, *. 5 „, ^ iLeucono stoo meS en*. 
eroxdgs and Bgtaopccue arabino ■ M ^ H « T anri" the production 
15 of inmunopolysaccharid.es. 

ffihe following escamples are illustrative t 

Eleotrostimulated and conventional fomentations 
were carried oul in a hatch reactor. 

20 . . , . ^ 6 ~>«« ~ Prepared bj- placing 1 5 00 

mxllxlxtere of distilled water in a sterilized J liter- 
beaker. Carbohydrates, water and nutrients were added 
to the healtcr in the following Quantities- 
Glucose 220 groins 

25 • •.. HaC1 • 3<grams 

Z 2 HP0 4 . 2,a 

E % P0 4 ' 0.4 grams 

'Distilled Water to jnake 2 lifero 
Thereafter, a 200 milliliter portion of the glucose 
solution was placed in a Sterilised container and 14 
grains of KUioclunwa.. Baker's .Yeast, Saccharides 
^rev^ae , was added thereto and stirred to form a slurry 
The yeast- e lucose slurry was divided into two eg.ua! 



30 
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portions of 100 millilitcro each end put" into* tyjo 'I liter 
sterilized resin mettles* To each of the divided yeast- 
glucose slurries were added 2*1 grams of corn m"eal> and 
700 milliliters of tie glucose solution. . 

!Kie outlete ' of "both. reactors vrere connected to 
wet test meters to measure ttie gas produced.* One reactor 
was run without electrical etimulation. " 

(Elie other reactor haid an electrode pair of 1:wo 
4- square inch 'stainless steel eleotrodco, 4' centimeters 
apart'* A siftu al generator was utilized to. generate a 
300 kilohertz, sine wave, voltage signal ♦ • A 50 inilivolt 
signal emitted a current of 1.5 milliamperes to flow* 

Eight simultaneous^, side-by-side runs 'were made, 
with one reactor having electrical sliziula,liou and the 
other reactor "being; unstimulated. 

Hie results sboVna, in Table I, below, were obtained.; 

TABX3S I • 

OOHEfiJCLSOir 03? ELSCTEO-STHIUIAISD SEEMEETPftTOffir "WITH 
OOJlVKJI'i'IOmii JERHSKTA-I! IQ3T 



Length 
of lion 
(hours) 


Current 
UBilli- 


• Moles of , • 

Stimulat cd 
Cee± euro- . 
mat qjgrapjrLc ) •"• 


Moles of 

Etnajiol- 
- Unstimulated 
. Cge.J r.hro- 

matoKL-apliicO 


26.5 . 


• 1.25 


; ';• . 0.476 


0.456 . 


15 


i.25 


." 0.506 


'." 6.475 • 


22 


1-5 


. ". :o.56i 


0.469 


47.? 




0.967 ; 


0.930 




2-25 


O.fJOO 


D.855 


27 


2-5 


0.420 . 


0.390 


43.4 


■ 1-5 -6.1 


. 1-14 


•1-1.6 ; 


25-5 


2.25-6.5 • 


. 0.713 ' ' 


O.707 • 



Electrosfciatalated fermentation was carried out in 
a "batcU reactux* Uo deUexiaine tlie effect of current and 
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15. 

The reaotion "broth was pi-epared by placing one 
liter of distilled wata-p in a sterilised beaker. 
Carbohydrates, water and nutrients were added to the 
"beaker in the following quantities! 
5 Sucrose loo grams/liter" 

Ha01 1-5 grams/liter 

( 3S %)2SO i( , 3^1 grams/liter • 

KgEPO^ 1.2 grams/liter 

KE 2 K>4 . 0.2 grams/liter 

™ Distilled water 1 

1.2 liters cf the solution were placed in a 1.5 liter 
resin kettle. 

Thereafter, 7.0 grams of Fleischmann's dried Baker »o 
Teast, saecharomyoes oerevioiae, was poured on top of the 

15 reaction troth. The reactor was then, closed, with gas 
venting through a water eoal bubbler. The mixture was 
allowed to stand Xor 18 hours. 

Thereafter, at 24- hour intervals, the slurry was 
removed from the read or by aspiration and filtered to 

20 recover rhe yeasl: r.aka. The yeast cake was added to 1.0 
liter of fresh reaction broth and returned to the kettle 
Which was sealed, wit* a gas vent to a burette of 1 percent 
sulfuric acid and atixred for 5 minute**. 

After two hours, four gas volume readings were taken 

25 at one half hour intervals, and used to calculate a 
base gas evolution rate, Ro. Thereafter, electrical 
stimulation was commenced. Pour' -gas volume readings were 
taken at half hour intervals beginning one hour after 
• electrical stimulation, and ueod to calculate a test gas • 

30 evolution rate , Rj, • For the ferment at ion. with el ectro- 
stiaulation, H T is the gas evolution rate. For" the 
fermentation without electrostimulation, is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the gas evolution rate lor electro- " 

35 stimulation. • After thre* hours of electrical stimulation 
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10 



15 



20 



30 



35 



14. 



the current was -turned off for 19 hours , and then 
reaction slurry removed as described above. 

Kaon electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a Tour inch ClO cm) lone, 
5 millimeter diameter glass rod. The electrodes were 
opaocd 6.5 to 7.0 centimeters apart. Voltage was 
provided "by a uynascan 3010 function generator. 

The effect of applied electrical field was as shown 
in Table IT below: 

TAB5E II 

EPHSCT OP APPLIED CUHEEHT (AS 100 KILOITEBI3) 
ON (t/LS KVOIJFl'IQN • 



Current 
(milli- 
amperoc) 

0.15 

0.15 

1.5 

1-5 



CK/Eo) 
(without 
curre nt J 

1-05 

0.92 

'• 1.01 

0.98* 



(with 
current) 

1.02 
1.13 
1.17 



(Eg/aOwith 

current 
0W\fcto) without 
current 

1.10 

1.11 

1..I2 

1.19 



- . The ef foot of frequency was as shown in Table III 
below: 

™ FT "' Fr in 

EFPECT OP PEBQUEKCT (AT 0.15 MILLIAMEEEES) 
' OH GAS EVOLUTION . 



jfxequency 
Usiloherrz ) 

10 
100 
100 



(yHo) 

(without 
current ) 

0.83 
1.05 
0.92 



Ciyso) 

(with 
curren 



(Em/Ro) with 
current 
lb \ . (Sj/koj wrnnout 

— I'M i T«T<o nf 



0.92 

1.15 
i.02 



curren t 
1.11 
1.10 
1.11 



EXAMKLK TIT 



Fermentation of glucose with s.cervisiae was carried 
out with and without electrical stimulation. 
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20 



25 



50 



35 



40 



15- 

A 'broth was prepared containing 220 grams of 
.glueooe, 7.5 grams of S.cerevisae . .10 erams of NR CI 
22 grams or » 2 HP0 ft x 7 12 grama of KH-PO,, *' * 

1 gram of MgSO^, and 0.04 grains of CaCL,, and dintilled 
water tn make two lit ere. 

The broth was divided into two portions and placed 
. in sterilise rssin kettles, 'Both kettle were stirred 
continuously with a magnetic stirrer. One kettle, 
intended for electrostimulation, had an electrode pair 
eaoh electrode was a 0.63 millimeter diameter nickel * 
wire spiral ed twice around a four inch (10 cm)long, 5 
millimeter diameter, glass rod.- The electrodes were 
spaced 6-5 to y.O millimeters apart. ' 

She fermentation wag carried, out at 30 degrees ' 
Centigrade for 23.5 Honrs. A signal generator was 
utilised to generate a 300 kiloherUz, 50 millivolt, sin* 
wave signal. The results shown "below were obtained: 

S.OBEVTBI AE FERHENTATICW 
OP GLUCOSE 

! • 

" " WITHOUT 
;". ' • • . ELECTRICAL 

rEEQUEUCJ . • . 

CURRENT - * ' 

IHITIAL TEAST (GWAMS/ 

LITER) 3./f 
PIKAL TOAST (GRAMS/ 

LITER) -8.8 
INITIAL GLUCOSE (GRAMS/ 

LUES) " . 108-9 
E."nWAT, GLUCOSE . (GRAMS/ 

• LITER) 4.3 
TNITIAL ALCOHOL (GRAMS/LITER) 0.7 
RINAL ALCOHOL (GRAMS/LITER) 
GRAMS OS 1 YEAST/GRAHS OP 

GLUCOSK-HOUR 2.18 x 10~ 5 



WITH 
ELECTRICAL 
STIMUIATIOH 

300 kilohertz 

1-5 williamperes 



GRAMS OP ALCOHOL/GRAMS 

. OP GLUCOSE-HOUR ' 1-71 x 10 
GRAMS OP ALCOHOL/GicAMS 

. or -yeast c^inal) / t . e7 



,-2 



3.5 
9.3 • 

10S. 3 

<0.20 
.. 0.8 

2.83 > 10" 3 
2.18 x 10" 2 
5-?2 
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GfcTiT, COUNT 03? 200 SQUARES (three pipette samples per 
kettle) * 

SAMPLE 1 660 86? 

SAMPLE 2 739 sst> 

5 . SAMPLE 5 632 ' 304 
MTtATT . 677 

"RANGE 107 91 

BTAHDA.ED PEVIA.TIOF 63 53 

PEHLaSN'l' "RELATIVE 

10 STAlTDAiOJ DEVIATION 9.3 6.2 

71IPEEEENCE IN HEAJSTS 178 



26 4 EEEATIVE 




• (at 1 etandard deviation 
i-5 (^1 is the stranded level) 
' deviation and n^ Is the 
number of replications). 



Ehe student's M t" test was applied to the cell \ 
counts- A Qt or 5-79 with a probability of 0-02 was . j 

20 obtained. Ihat io $ the probability that rauidom errox-e ! 
would result in Ihe 26# relative diff erence observed 
was less than 2 percent. 

A series of tests were conducted to oompare 
25 electrostiiuulaltjd fermentation "with conventional 

*i'eT7nRT»tation. For each test a simple nutrient solution 
was prepared- A portion of the nutrient solution was 
.withdrawn to malre a yeast solution, {phe remainder of 
the nutrient solution was* divided into two equa l 
50 portions and placed into two identical "laboratory 
fermenters. Both fermentere had on clectxode pair. 
Pleiechwaini 1 ±: Baker's Yeast, Saccharomyces cervisiae ,, was 
slurried in the remainder of the Dingle nutrient 
solution. The nutrient solution, containing the yeast, 
55 wa9 divided in half, Each half wa3 placed into one of 

the two identical laboratory ferment ers, A voltage i 
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signal was applied across one solution only of the pair. 
Solution snmplea were oimultsneously taken from both 
oolutioas of • the pair. Diff erences between the two 
fermentations of a pair were attributed to electro- 

5 (stimulation, while differences between ecto of pairs of 
fermentations wero attributed to conditions of the 
nutrient and innoculum solutions prior to commencing 

. the tests. 

For each fermentation a resin kettle f exmenter was 
10 used. Th.@ r-esin kettle fermenter bad an inside diameter 
- of 10 centiwelers, a depth" or centimeters, and was 
sealed on top. Each rccin kettle fermenLer had a sample 
probe, a pH orobe, a mechanical stirrer, a sodium hydroxide 
inle1r t a gas outlet, and an electrode pair. fhe 
1.5 electrodes were a pair of two inch (5 cm) "hy tvo inch 
v " (5 cm) stainless steel plate electrodeo opaeed two inches 
(5 om) apart, 

A gluccse solution was prepared by adding in order; 
Glucose • B^o 220 grams, 

20 HH 4 01 10 grams 

ua 2 HP0^. 7^0 22 grams 

XH^PO^ 12 i^L-am 

Hg30 4 t 1 gra m 

- • CaCl 2 . 0-04 gram 

^2° ' ; "to make 2 liters 

0!he gluoooc solution was boiled, and the pn was 
. adjusted to pH— 5 with HjKJ^.- 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, nnd stirring 3.6 
30 grams of iFleischmann's Baker's Yeast Sa ccharomyceg 
cervisiae into the nutrient. 

Each test* was commenced by dividing the nutrient 
soiut'ion into two SOO milliliter- portions and placing 
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20 



25 
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one porti on of the nutrient solution into each, resin 
kettle fenaent-er. . Thereafter the slurry" "of yeast and 
.■nutrient was divided into two 100' milliliter portions. 
One portion of the yeast-nutrient -slurry irafl added to 
each of the reain kettles. 

The resin kelHes were maintained at 'a tp.Tnpp.rature 
of JO degrees Centigrade "by inmercibn in a. water "bath. 
The pH was maint ained "between pH 4.7 and pS 5.2 hy 
addition of aoueous ITaOH. Tn each run a' 30O kiloherta, 
1.5 milliampere, 50 millivolt sipgaa.1 was applied across 
the electrode pair in one kettle. jTo: signal was applied 
to the electrode pair in the other kettle.- 

•i'he toil lowing results were obtained? 
S et 1 : 



EIAPSED 

nun 



(hours) 

1.25 
3 
6 
25 

Pinal Yeast 
(gnus/liter) 

3et 2 

BIAP8ED 
TIKE 



Ethyl 
Alcohol 
(gpems 



liter 

1-17 
1.87 
5.28 

31.8 



1 



Glucose 

(grms/ 

liter) 

98 

96 • 
78 * 

<6.25 



Ethyl-. 
Alcohol 
(grms/ 
liter) 

,.?2 .; 
• 1.96* : 

5-72 
.40.4. 



Glucose 

(grms/ 

liter) 

100 

98. 
79 
<:o.25 



2-54.- 



2.63 



HO CUHBENT 



-ODHREHT 



30 


■ (hours) 


Ethyl .' 
Alcohol 
(grms/ 
liter) 


Glucose ' 

(grms/ 

liter).' 


• Ethyl 
Alcohol 

(grms/. " 
liter) 


Glucose 

(gnus/ 

liter) 




1 


0.69. 


' 98 ' 


0.09 • 


103 


55 


2 


6:53 


•85 . 


o.7i t 


96 




4.5 • 


2.7 


78 


.2.2 


76 • 




0.5 


5.6 • 


72 


6.9 ' 


64 




28 


40.2 


<o.25 • 


•• 57.0 


<0.25 



40 



Pinal feast 
(gnas/liter) 



0.466 



0.504 
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Set 3 



T71T A WTOft 

I ME 


W) 


CURRENT 


CUEREKT 

• 


(hours) 


Ethyl 
Alcohol 
(grns/ 
liter) 


Glucose 

(gnus/ 

liter) 


Jtthyl 
Alcohol 
(eras/ 
lit ar) 


'CJ-lTicose 

C^rms/ 

liter) 


1 


3-0 


87 


5.5 


88 


3 


0.5 


87 


' 11.0 


70 


4.5 


22.9 


40 


28.0 


45 


6 


37.9 


19 


37-0 


19 


22.5 


44-2 


<0.25 


. 48.7 


<0.25 



Pinal Yeast 
(grms/liter) 

Set . 
TIME 



9-0 



HP CTJKREHT 



9.8 



CTJKSEHT 





Ethyl 




Ethyl 






, Alcohol 


Glucose 


Alcohol 


Glucose 


(hours) 


(grins/ 
liter) 


(grans/ 
•liter) 


(gXTUtt/ 

liter) 


(grms/ 
liter) 


1 


0.7 


105 


0.6 


HO 


2 • 


2.9 


98 . 


2.5 


95 




3.1 


84 


3.4 


92 


4 1 


5.2 


78 


5-4 


'82 


5 


11.6 


GO 


10.5 


62 


G 


18.7 


00.2 . 


19.9 


10.3 


7 


24,8 


.3 


27.1 


-5 


8 


31.9 




32.0 




9 


41.7 




51.0 




2'1 


40.0 


C0.25 


56-6 


<0.25 



linal Teast 
(grans/liter) 



8.9 



9.6 
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Get 5. 

ELAPSED HO CURRENT CUKKfcMT 

TIM E ~ '~~ ~ , . " 



5 




Alcohol 
(grins/ 


Glucose 
(grms/ 

"1 "3 I'fiT''^ 
J. J. l»t±X ^ 


Alcohol 


Glucose 

CgXD3/ 
'. X v t^-L / 




i 


1.0 


109 


. 1-1 


107 




2 


2-0 


90 


2.8 


97 


10 


3 




81 


5-1 


83 




4 


9.5 


60 


0.0 


80 






17.0 


70 


17.5 


69 




6 


19.1 


54 


17-7 


5© 




? 


21.7 


35 • 


V4.0 


39 




8 


32.4 


21 


57-1 






22-5 


41.4 


• 4 


46.9 


<0.25 



. Final feast 

(gnus/liter) 9.9 10.5 



• * While the invent ion* has "been described \rith respect 
20 to certain exemplifications and. embodiment s , that is 
with respect to certain microbes, i.e., bacteria, 
actinomycetea, Tnngi. * and yeasts, certain substrates, 
i.e. | hydrocarbons, and carbohydrates, and certain 
. products, it is not to be so limited, except as in the 
25 cloinc appended hereto. 
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1. A method of fomenting a substrate with a 
microorganism by forming a broth comprising the substrate 
and the- microorganism, and forming .a fermentation product 
5 therefrom characterised; in. that a fermentation stimulat- 
ing electrical signal .do imposed across the brotiu 
' . 2 e A iuethod according to claim 1 char act eris-ea 

in that the microorganism io yeast f actinomycetes , 
bacteria., ox\ unicellular blue-green, alga©. 
1f) 3« A. method according to cl n 2 characterised 

in that the- yeast is bl Sacchar omvoid eae nr a S&eehar- 
omvees cervdlsiae* 

4o A me bhod accordihg to claim 1, 2 or 5 
-.characterised in that the substrate i3 a carbohydrate, 
15 t hydrocarbon or amino ^cid 0 

5* A method according to olaim 4 characterised 
in 'that the carbohydrate is glucose, fructose or 
mannoee* 

A method ab^urding to claim 4 characterised 
20 in that the carbohydrate ie a polysaccharide. 

7o A methud according' to any of claims 1 to 

6 characterised in that the electrical signal ie 
an alternating current signal or a pulsed direct 
current signal. 

* 25 8a A method according to any of <o *»*rn« 1 to 7 

. fc characterised in that the electrical signal has a 
frequenoy of 0«1 kilohert^ to 10 megahertz* . 

9. .A method according to any or claims 1 to 

7 wherein the electrical 3ignal hae a frequency of 
50 1 hilohertz- to 1 000 ldiohertzo 

10. A method according to any of olaimc 1 to 
9 characterised in that the current per unit of inuer- 
electrode volume is" from 1 x 10"^ to 30 x 10^ ailli- 
umpex^eti per cubic centimeter • 
3l> 11 • A roftthod according to any- of claime 1 to 1 0 

characterised- ia that the -current per unit of broth is 
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from 1 x 10" 4 to 50 x 1CT 4 milHamperes per cubic 
continetcr. 

12. A method according to say of claims 1 iio 11 
character is ed in that the current density xe from 2 x 
5 10~ 2 to 50 r milliwuperes per square centimeters. 

13o A method p-cnnrflin^ to any of claims 1- to 12 
characterised in that the voltage flux is Od to 5 
millivolts per nervfci meter • 

14o A method acoording to eny of claJUitf 1 to 13 
10 'characterised In that the interelectrode power dissipat- 
ion io from 0 o 2 x ICT^ to 6 * 10*"^ watts per cable 
centimeter of inter electrode volume. . 

• 15* A method according to any of clftlwia 1 to 14 
characterised in that the broth power dissipation is 
15- from 0 o 2 x 10 to 8 x 10 watts per -cubic centimeter 
of brotho 
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